Direct (intracisternal) injection of aluminum complexes into rabbit brain results in a number of similarities with the neuropathological and biochemical changes observed in Alzheimer's disease and provides the opportunity to assess early events in neurodegeneration. This mode of administration induces cytochrome c release from mitochondria, a decrease in Bcl-2 in both mitochondria and endoplasmic reticulum, Bax translocation into mitochondria, activation of caspase-3, and DNA fragmentation. Coadministration of glial cell neuronal-derived factor (GDNF) inhibits these Bcl-2 and Bax changes, upregulates Bcl-X L , and abolishes the caspase-3 activity. Furthermore, treatment with GDNF dramatically inhibits apoptosis, as assessed by the TUNEL technique for detecting DNA damage. Treatment with GDNF may represent a therapeutic strategy to reverse the neuronal death associated with Alzheimer's disease and may exert its effect on apoptosis-regulatory proteins.
INTRODUCTION
An understanding of the complex events involved in neuronal injury and protection in neurodegenerative diseases requires the availability of animal model systems. The direct injection of aluminum (Al) compounds into the brain of rabbits has been found to result in conditions that mimic a number of neuropathological and biochemical changes present in Alzheimer's and related human neurodegenerative disorders (Huang et al., 1997) . The use of this animal model should not be confused with the ongoing controversy regarding the possible role of Al in the pathogenesis of Alzheimer's disease, a debate which by no means has been concluded (Savory et al., 1996) . Here we use this Al/rabbit model system to unravel the events leading to neuronal apoptosis and, most importantly, to demonstrate the antiapoptotic effect of glial cell line-derived neurotrophic factor (GDNF) against fatal Al neurotoxicity.
Alzheimer's disease is a progressive neurodegenerative disorder characterized by three typical pathological features, namely the extracellular deposition of A␤, the formation of neurofibrillary tangles, and selective neuronal loss. However, it is unclear which of these pathological features is the primary event in the initiation and progression of this disease. Selective neuronal death involves vulnerable brain regions, in particular the hippocampus and cerebral cortex, and apoptosis may play a role in the process of cell loss (for review, see Honig & Rosenberg, 2000) . Besides inducing intraneuronal neurofilamentous changes in the cerebral, cortex, brainstem, and spinal cord, which demonstrate many biochemical features in common with the neurofibrillary tangles seen in Alzheimer's disease (Rao et al., 2000; Huang et al., 1997) , the intracisternal administration of Al maltolate to rabbits also leads to biochemical changes suggestive of apoptosis (Savory et al., 1999) . Aluminum is highly neurotoxic
